From field to feed: The effects of fungicidie application and cutting height on the quality and in situ degradability of corn ensilied as whole plant corn silage by Damery, Taylor Anne
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© 2018 Taylor Anne Damery 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
FROM FIELD TO FEED: THE EFFECTS OF FUNGICIDIE APPLICATION AND CUTTING 
HEIGHT ON THE QUALITY AND IN SITU DEGRADABILITY OF CORN ENSILIED AS 
WHOLE PLANT CORN SILAGE  
 
 
 
 
BY 
 
TAYLOR ANNE DAMERY 
 
 
 
 
 
 
 
THESIS 
 
Submitted in partial fulfillment of the requirements 
for the degree of Master of Science in Animal Sciences 
in the Graduate College of the  
University of Illinois at Urbana-Champaign, 2018 
 
 
 
 
Urbana, Illinois 
 
 
Master’s Committee: 
  
 Assistant Professor Felipe C. Cardoso, Chair 
 Professor Emeritus Michael R. Murphy 
 Assistant Professor Santiago Mideros  
 
    
 
  ii 
ABSTRACT 
The objective of this study was to determine the effects of harvest cut height and foliar 
fungicide application on brown mid-rib (BMR) whole plant corn silage (WPCS) yield, chemical 
composition, and in situ degradability. Foliar fungicide (prothioconazole and trifloxystrobin; 
Delaro, Bayer CropScience) treatments were randomly assigned to one of sixteen 0.21-hectare 
plots as follows: control (CON), plants received no application; treatment 1 (V5), plants received 
one application at corn vegetative stage 5 (V5); treatment 2 (V5R1), plants received two 
applications at V5 and corn reproductive stage 1 (R1); treatment 3 (R1), plants received one 
application at R1. At reproductive stages R1 and R5, 12 corn plants per plot were evaluated and 
the number of yellow leaves was recorded. At R5, corn plants in R1 and V5R1 had less (P = 
0.0001) yellow leaves (0.35 and 0.47; SEM = 0 .19, respectively) than CON and V5 (0.63 and 
1.08; SEM = 0.19, respectively). Ten random plants from each plot were evaluated for disease at 
stages V5, R1, and R5. Disease prevalence was recorded as percent of the total individual plant 
infected. Fungicide application had no effect (P = 0.5922) on disease prevalence (1.62%, 1.07%, 
1.23%, 1.48%; SEM = 0.30 for CON, V5, V5R1, and R1, respectively). On August 30, 2017, 
WPCS was harvested at 34.0±1.6% dry matter (DM). Each plot consisted of 16 rows; 8 of which 
were harvested at a low cut height of 30.5 cm (LC) and 8 of which were harvested at a high cut 
height of 56 cm (HC). Fungicide application had no effect on WPCS DM, gross yield, or DM 
yield (P > 0.51). Fungicide application had no significant effect on fermentation profile, 
chemical composition of WPCS (P > 0.06), but significant two way interactions of fungicide 
application × days ensiled were observed. Fungicide treated corn ensiled over time had higher 
VFA scores (P = 0.02), and higher lactic acid (P = 0.02), acetic acid (P < 0.0001), and total acid 
concentrations (P = 0.03). Dry matter of WPCS was higher (P = 0.0012) in HC than LC (34.57% 
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and 33.43%; SEM = 0.39, respectively). Gross yield of WPCS was lower (P = 0.0023) in HC 
than LC (38,281 and 41,931; SEM = 1,050; kg/ha, respectively). Dry matter yield of WPCS was 
lower (P = 0.0284) for HC than LC (13,234 and 14,004; SEM = 362; kg/ha, respectively). 
Increasing the chop height from 30.5 cm to 56 cm resulted in an 8.7% gross yield loss, but only 
resulted in a 5.5% loss of dry matter yield content. Raising cut height resulted in decreased acid 
detergent fiber (ADF) and acid detergent lignin (ADL) concentrations and increased effective 
degradability (ED) of crude protein (CP) in the rumen. 
 In conclusion, fungicide application had no effect on disease prevalence in corn plants, 
but did reduce the number of yellow leaves. Fungicide treated corn ensiled over time had higher 
VFA scores, and higher lactic, acetic, and total acid concentrations. Cut height reduced gross 
yield and DM yield of WPCS, but increased the DM of WPCS. Raising the cut height had no 
effect on NDF concentrations or VFA score, but reduced ADF, ADL, lactic acid, acetic acid, and 
total acid concentrations.  
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CHAPTER I 
LITERATURE REVIEW 
The world’s population is projected to reach 9.7 billion people by 2050 (United Nations, 
2015). In 2009, the Food and Agricultural Organization of the United Nations estimated that 
global agriculture would need to increase by 70 percent in order to feed the 2050 population 
demands (FAO, 2009). This burden falls on the shoulders of farmers across the world. Increasing 
crop production efficiency is more important now than ever.   
Corn is one of the top agricultural commodities produced in the world. In 2016 world 
corn production totaled 1.06 billion tonnes. The United States of America leads the world in corn 
production, producing 384 million tonnes of corn in 2016 alone (FAO, 2018). In the 2016/2017 
growing season, 38% of the grain produced in the United States was used as animal feed, 38% 
was used in ethanol produced, 15% was exported, and 9% was classified as other (USDA, 2018). 
Ensiling corn as whole plant corn silage (WPCS) is a technique that allows farmers to store feed 
for later use. The silo is an oxygen free environment that facilitates microbial fermentation, 
which increases the nutritive value of corn. After being ensiled for a period of time, the corn is 
removed from the silo and fed to ruminants in the form of WPCS. Eighteen million metric tons 
of WPCS was harvested in the United States in 2017 (USDA, 2018). The USDA reported in 
2014 that 89% of the United States dairy operations include corn silage in the diet of lactating 
cows (USDA, 2014). Thus, corn silage research is a major area of interest in the agricultural 
industry.   
Management Techniques  
Choosing a hybrid  
 Hybrid type influences yield and production performance. The first brown-midrib (BMR) 
corn plant originated at the University Farm in St. Paul, Minnesota in 1924. Named after its 
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reddish-brown pigment found on the leaf midrib (Jorgenson, 1931). Four genes with the brown-
midrib phenotype have been described, bm1 (Jorgenson, 1931), bm2 (Burnham and Brink, 1947), 
bm3 (Emerson et al, 1935), and bm4 (Burnham, 1947). These four genes affect the accumulation 
and composition of lignin in maize. The BMR hybrids naturally have lower lignin contents than 
conventional corn (Muller et al, 1971; Oba and Allen, 1999). However, the BMR hybrid is also 
associated with up to a 10% dry matter (DM) yield loss when compared with conventional silage 
(Eastridge, 1999).   
Brown-midrib fed as whole plant corn silage (WPCS) has improved lactation 
performance in dairy cows (Oba and Allan, 2000a,b; Barlow, 2012; Vanderwerff et al, 2015). 
Oba and Allan (2000a,b) concluded that this improved production performance was due to the 
lower lignin contents of BMR hybrids, and improvements in total-tract digestibility of neutral 
detergent fiber (NDF) and acid detergent fiber (ADF). Barlow et al. (2012) described similar 
results showing diets supplemented with BMR WPCS resulted in greater NDF and ADF 
digestibility when compared to both waxy and conventional corn hybrids. When compared to a 
floury-leafy corn silage hybrid, BMR has a lower total-tract starch digestibility and comparable 
NDF digestibility values, but a higher dry matter intake (DMI) and increased milk and protein 
yields (Farraretto et al, 2015).  
Timing harvest 
 Maturity at harvest is an important factor in silage production (Farraretto et al, 2018). 
Maturity at harvest alters yield, nutrient composition, digestibility, and ensiling potential of crops 
(Buxton and O’Kiely, 2003). During maturation, the most notable changes are taking place in the 
corn kernel. The DM content of the kernel increases as the sugars are converted into starch 
(Allen et al., 2003). Thus, delayed WPCS harvest is associated starch content increases, and also 
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decreases in CP, NDF and ash concentrations (Johnson et al., 1999; Allen et al., 2003; Buxton 
and O’Kiely, 2003). Due to these findings, Owens (2014) suggested delayed maturity at harvest 
as a management tool to increase DM and starch yields per hectare. However, as the plant 
matures lignification in the stalk of the corn plant also increases (Hunt et al., 1989; Cone and 
Engels, 1993). Thus, delaying maturity could also decrease cell wall digestibility (Johnson et al., 
1999; Buxton and O’Kiely, 2003). Literature reviews have consistently shown that peak milk 
production was achieved when WPCS was harvested at approximately 35% DM or between one-
half and two-thirds kernel milk line (Farraretto et al., 2018).  
Selecting a cut height 
 Cut height at harvest alters yield and nutritional value of corn silage. Raising the height 
of the chopper during harvest leaves more stover on the ground and, therefore, reduces DM 
yield. Increasing cutting height at harvest, while decreasing yield, decreases concentrations of 
NDF, ADF, and acid detergent lignin (ADL); but, it increases starch concentrations and in vitro 
NDF digestibility (NDFD). When these silages were fed to cows, total tract NDF digestion 
tended to be greater and cows tended to be more efficient in converting DM to milk (Neylon and 
Kung, 2003). In contrast, a lactation study conducted by Bernard et al. (2004) showed no 
increase in efficiency, milk yield, milk fat, or milk protein, even though raising the cut height 
was associated with lower NDF and ADF concentrations. Wu and Roth (2003) reviewed 11 
cutting height studies that ranged from 17.2  6.4 to 49.0  7.1 cm and found that DM yield 
decreases were usually offset by increased WPCS quality. More research is needed to conclude if 
the increase in silage quality outweighs the DM yield loss associated with raising the cut height 
at harvest.   
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Fungicide  
Yield loss due to fungal disease 
 Annual yield loss caused by corn disease in the United States ranges anywhere from 2 to 
15% (Munkvold and White 2016). With corn production totaling 384 million tonnes in the 
United States, even the smallest estimate of 2% translates to nearly $5 billion in lost revenue. 
Overall from 2012 to 2015 the total estimated economic loss due to disease was $27.4 billion in 
the United States and Ontario, Canada (Mueller, 2016). Northern corn leaf blight, gray leaf spot, 
and Goss’s wilt are among the most production-limiting diseases. Disease prevalence and 
severity varies widely from year to year due to the fluctuation of environmental conditions 
(Mueller, 2016). In extreme cases, epidemics can be debilitating. For example in 1970, Race T of 
Bipolaris maydis swept the United States causing a southern corn leaf blight epidemic that 
reduced yield by up to 20% (Ullstrup, 1972).  
History of fungicides 
  Traditional management strategies such as crop rotation, tillage, hybrid selection have 
been used to combat foliar disease. However, the use of foliar fungicides on field corn to 
minimize disease has increased over the last 10 years (Paul et al, 2011). A decrease in crop 
rotation and increase in no-till practices, has led to an increase in risk of residue born disease, 
thus leading to a greater interest in foliar fungicides (Wise and Muell 
er, 2011).  
 Fungicides differ based on mode of action. Triazoles and strobilurins are two of the most 
common active ingredients used in foliar fungicides. Bayer was the first to launch a triazole in 
1973 (Morton and Staub, 2008). Triazoles are marketed for being highly effective broad 
spectrum product. Triazoles impact fungal growth and development by inhibiting ergolsterol 
  5 
biosynthesis (Yang et al, 2015). Strobilurin fungicides, also known as QoI fungicides, are natural 
chemical structures isolated from wood-rotting mushrooms in the genera Strobilurus. 
Strobilurins are a broad-spectrum fungicide that inhibit complex III in fungi’s mitochondrial 
electron transport chain (Bartlett et al., 2002). Strobilurins first launched in 1996 and are now the 
second largest chemistry group of fungicides. The widespread use of both Triazoles and 
Strobilurins has led to problems with disease resistance. As a result, companies are developing 
mixtures of multiple modes of action, and adjusting the use reccomendations (Morton and Staub, 
2008). In 2017, Bayer introduced Delaro™. Marketed for its broad-spectrum disease control and 
dual mode of action, Delaro claims to promote healthy, dark green leaves for improved 
photosynthesis and increase plant stress resistance to utilize the full genetic potential and yield of 
seed hybrids. Active ingredients prothioconazole (C14H15Cl2N3OS) and trifloxystrobin 
(C20H19F3N2O4) interfere with both energy and cell membrane production by plant pathogenic 
fungi (Delaro, Bayer CropScience, Research Park Triangle, NC). 
 Benefits of fungicide  
 Foliar fungicides have been linked to beneficial physiological and developmental plant 
alterations, such as, increased photosynthetic activity and retardation of leaf senescence through 
the inhibition of ethylene biosynthesis (Grossman and Retzlaff, 1997). Since 2006, claims of 
substantial yield increase, even in the absence of disease, has led to an increase in of fungicide 
application across the corn belt of the United States (Munkvold, 2008). Although this effect has 
been questioned by many plant pathologists, Strobilurins have been linked to greater water and 
nitrogen efficiency use (Ruske et al. 2003) and increased antioxidant activity (Wu and Von 
Tidemann, 2002). A meta-analysis was conducted by Paul et al. (2012) and supported these 
claims. Paul et al. (2012) analyzed the data from 212 studies treated with four different active 
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ingredients. The results showed that there was a significant yield increase, relative to a non-
treated crop. However, when disease severity is <5%, failure to recoup the application costs of 
fungicide ranges from 55 to 98%. Application costs were more likely to be recovered when 
disease severity >5% (Paul et al., 2011). When looking at fungicide applied to corn harvested as 
WPCS, cows fed WPCS differing in foliar fungicide application showed a linear decrease in 
DMI as the number of applications increased, but constant milk production among treatments 
indicating better feed conversion values (Haerr et al., 2015). Further work showed fungicide 
applications enhanced the nutritive and fermentative profiles of WPCS (Kalebich et al., 2017a) 
by reducing the NDF and ADF concentrations in the leaves of corn plants (Kalebich et al., 
2017b).  
Mycotoxins  
 Mycotoxins are a group of secondary metabolites secreted by fungal organisms mostly 
belonging to the genera Aspergillus, Fusarium, Alternaria, and Penicillium (Ogunade et al., 
2018). Toxic effects, such as reduced feed intake and milk production, reproductive problems, 
immunosuppression, and death can occur when animals are fed mycotoxin-contaminated diets 
(Whitlow and Hagler, 2005; Zain, 2011). Mycotoxins in WPCS can affect human health if 
animal-source foods (meat, milk) contaminated with these toxins are consumed (Ogunade et al., 
2018). The management practices mentioned earlier, can play a key role in reducing mycotoxin 
contamination in WPCS. The risk of mycotoxin contamination is significantly reduced with 
earlier harvests (Jones, 1981). Due to the widespread occurrence of Fusarium spores in soil, a 
higher cut height reduces the chances of contamination in WPCS (Jouany, 2007). Immediate 
storage of harvested feeds is necessary to minimize the exposure to environments that favor 
growth of mycotoxins (Munkvold, 2014). Oxidative stress also often induces toxigenic path-
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ways in various fungi (Reverberi et al., 2010; Ponts, 2015). This oxidative response, often 
defined by production of peroxide, is triggered by the host plant upon fungal infection and could 
promote synthesis of mycotoxins by fungi (Baidya et al., 2014; Ponts, 2015). Oxidative stress 
also often induces toxigenic pathways in various fungi (Reverberi et al., 2010; Ponts, 2015). 
Minimizing fungal growth before ensiling can prevent problems associated with mycotoxins in 
WPCS (Ogunade et al., 2018). Megumi et al. (2008) evaluated the effects of the timing of 
fungicide application on Fusarium head blight and mycotoxin accumulation in cleistogamous 
barley and concluded fungicide applications significantly lowered grain mycotoxin content.  
Fungicide and soil microbiology  
Yield loss prevention from fungicide use is estimated to boost United States agriculture 
by $13 billion dollars annually (Gianessi and Reigner, 2006). While the benefits of fungicides 
are well understood, there is little understanding of how fungicide application effects non-target 
microorganisms and the ecosystem in which the crops are going. Soil fungal community 
structure, diversity, and 18S rRNA gene copy number were all significantly impacted by 
azoxystrobin application (Howell et al., 2014).  
Traditionally, the focus of soil research has been on the arbuscular mycorrhizal (AM) 
fungi. Arbuscular mycorrhizal associations benefit host plants in several ways, by increasing 
resistance of plants to water stress (Ellis et al., 1985) or diseases (Sharma et al., 1992), and 
contributing to the uptake of soil nutrients, such as phosphorous (George et al., 1995). 
Phosphorus deficiency decreases agricultural productivity on more than 2 x 109 hectares 
worldwide (Oberson et al., 2001; Krey et al., 2013). Several studies have shown the correlation 
of AM crop inoculation on growth, nutrient uptake and yield in tomato (Candido et al., 2013) 
and potatoes crops (Douds, 2007). However, fungicide (Benomyl) application on lichen-rich 
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plant communities resulted in significant reductions in AM fungal colonies (Newsham et al., 
1995).  Further research is needed to define the role of these microorganisms in the soil 
community, and to understand the effect of fungicide application on non-target microbial 
communities.  
In situ degradability 
Rumen in situ studies have been determined to be a good indicator of rumen 
degradability. The in situ procedure can be used to calculate the soluble fraction (A), digestible 
fraction (B), indigestible fraction (C), and fractional rate of digestion (Kd) of feedstuffs (NRC 
2001). In situ techniques allow conclusions to be drawn about rumen degradation, reducing the 
need for rumen simulation (Vanzant et al., 1998). The use of artificial fiber bags gives an 
estimate of rumen digestion with some variation among trials; such as, variation between animal 
and variation between bag (Mehrez and Ørskov, 1977). Nocek (1988) also listed sources of 
variation among ruminal in situ techniques, bag particle size, sample size to bag surface area 
(SS:SA), diet, animal, and incubation times. Acknowledging the inter-and intra-laboratory 
variation, Vanzant et al. (1998) set out to critically evaluate factors that contribute to variation in 
in situ measurements and suggest a standardized practice for improving precision within and 
among laboratories. Vanzant et al. (1998) describes the relationship between the ratio of sample 
size to bag surface area (SS:SA) on in situ digestibility measures. Mehrez and Ørskov (1977) 
suggested that the inhibition in digestion with large SS:SA ratios was a result of inadequate 
mixing and removal of digestion end products from in situ bags. Vanzant et al. (1998) 
recommend use of 10 mg/cm2. Grind size used for sample interacts with pore size of the bag and 
its effects on feed disappearance. Vanzant et al. (1998) suggests the use of a 2-mm screen for 
routine in situ analysis of all feed types. Whereas, the AFRC (1992) suggests a 4-mm grind 
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screen for roughages and a 2.5-mm for concentrates. As Vanzant et al. (1998) explained, because 
of many dietary factors that can affect in situ degradation, in situ incubations should be 
conducted in rumens of animals that are consuming the diet of interest. Bags should be rinsed a 
minimum of five times. Other limitations may include the inability to take into account post 
ruminal fermentation.  
 Haerr et al. (2015) assessed the in situ digestibility of WPCS treated with various foliar 
fungicide applications. Wet unground WPCS was placed into three rumen cannulated cows and 
removed at 0, 2, 4, 8, 12, 48, 72, and 96 h. Upon analysis, Haerr et al. (2015) found the 
degradable fraction of DM tended to be greater for corn silage treated with foliar fungicide with 
the proportion of rumen degradable feed increasing as the number of foliar fungicide 
applications increased. Fungicide application tended to decrease Kd and linearly decrease DM 
solubility.  
Conclusions and Objectives 
 The use of foliar fungicide on corn ensiled as WPCS may have the potential to reduce 
contamination by mycotoxins and increase milk production in lactating cows by improving the 
nutritive quality. Adjusting chop height at harvest has the potential to further improve the 
nutritive qualities of WPCS by leaving the fibrous, indigestible stover in the field. Increasing the 
cut height and applying fungicide on corn used to make WPCS may reduce the fiber 
concentration, improve the degradability, improve nutritive value, and decrease mycotoxins. 
Thus, the objectives of the following studies were to examine the effects of cut height and 
fungicide application on: 
1. Dry matter and gross yield of corn ensiled as WPCS. 
2. The fermentative and nutritive qualities of corn ensiled as WPCS.  
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3. The in situ degradability of corn ensiled as WPCS.  
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CHAPTER II 
EFFECTS OF CUT HEIGHT AND FUNGICIDE APPLICATION ON WHOLE PLANT 
CORN SILAGE COMPOSITION 
 
Introduction 
 Whole plant corn silage (WPCS) is a major component of dairy cow rations, in 2017 the 
United States produced 1.28 million metric tons of WPCS (USDA, 2018). Dairy farmers 
reported the number one cost of production is the cost of feed (USDA, 2017). Therefore, there is 
a need to maximize the nutritional value of WPCS. Foliar fungicide application has been shown 
to increase yield when disease is present as compared to a non-treated crop (Paul et al., 2011). 
Furthermore, fungicide applications enhanced the nutritive and fermentative profiles of WPCS 
when fed to ruminants (Kalebich et al., 2017a).  
Lignin concentrations in WPCS cell walls is a primary factor limiting fiber digestibility. 
Lignification of the cell wall is a defense response of plants to both resist and defend against 
fungal enzymes (Vance et al., 1980). Fungicide application prevents damage to the crop caused 
by a fungal infection; therefore, reducing the lignin concentration and increasing the neutral 
detergent fiber (NDF) digestibility. Fungicide application has been shown to have a chemical 
effect on corn plant composition, reducing the NDF and acid detergent fiber (ADF) 
concentrations in the leaves while increasing the lignin concentration in corn stalks (Kalebich et 
al., 2017b). 
Another alternative to improve fiber content and digestibility is to adjust the cut height of 
corn harvested for corn silage. Harvesting corn ensiled as WPCS at a high cut height, as opposed 
to conventional cut heights, reduces yield but increases the nutritive value of WPCS by reducing 
NDF and ADF concentrations (Lynch et al., 2015). Thus, if fungicide application increases the 
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lignin content of the corn stalk, it may be beneficial to combine fungicide application with a 
higher cut height at the time of WPCS harvest.  
Few studies have examined the effects of foliar fungicide on corn ensiled as corn silage 
and its effects on the nutritive and fermentation quality of corn silage. Cows fed corn silage 
differing in foliar fungicide application showed a linear decrease in dry matter intake (DMI) as 
the number of applications increased, but constant milk production among treatments (Haerr et 
al., 2015). Cows fed corn silage treated with foliar fungicide tended to have better feed 
conversion values than those fed untreated corn silage (Haerr et al., 2016). However, no study 
has assessed the combination of WPCS treated with foliar fungicide and harvested at two non-
conventional cut heights. 
Therefore, the objective of this study was to determine chemical composition and rumen 
degradability of WPCS treated with foliar fungicide at various times, harvested at two chop 
heights, and ensiled as corn for varying lengths post-harvest. We hypothesized that fungicide 
application on corn at reproductive stage 1 (R1) and harvested at a high cut may positively affect 
the nutritive and fermentation profile the most, compared to other application timings harvested 
at a low cut.   
Materials and Methods 
Field preparation  
Prior to planting, fertilized with dairy was applied to all plots manure and tilled with a 
chisel plow and field cultivator. On March 25, 2017 chemical fertilizers Diammonium Phosphate 
(DAP) 18-46-0 and Muriate of Potash 0-0-60 Coarse (Mosaic, Riverview, FL) were applied to all 
plots at respective rates of 114 kg/ha and 125 kg/ha using a John Deere 8300 tractor (Deer & 
Company, Moline, IL). On April 21, 2017 all plots were treated with Verdict (BASF, Florham 
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Park, NJ) at a rate of 877 mL/ha for weed control using a TERRA-GATOR 8203 tractor (Ag-
Chem Equipment, Jackson, MN). Under significant weed pressure post-planting, all plots were 
treated again on June 1, 2017 with Roundup PowerMAX (Monsanto, St. Louis, MO) and Cadet 
(FMC, Philadelphia, PA), respective rates of 2.33 L/ha and 66 mL/ha.  
Corn 
A full-season brown mid-rib (BMR) corn hybrid (P1180XR, Pioneer, Johnston, IA) was 
planted on May 23, 2017 at the University of Illinois Urbana-Champaign (40°04’58.8”N 
88°13’08.4”W). This silage variety was marketed for having great digestibility scores, very good 
root strength, excellent milk or beef yield, average stress emergence, and a 111 day comparative 
relative maturity. Sixteen 0.21 hectare plots, 16 rows wide, were planted using a John Deere 
8370 tractor (Deere & Company, Moline, IL) at a planting density rate of 79,000 seeds/ha. 
During the growing season, the average daily temperature was 28.8 ± 3 °C. Total rainfall in 
Champaign-Urbana, IL was 19.5 cm (Illinois State Water Survey, Prairie Research Institute, 
Champaign, IL).  
Foliar fungicide application  
 A broad spectrum foliar fungicide was applied for disease control. Active ingredients 
prothioconazole (C14H15Cl2N3OS, FRAC Code 3) and trifloxystrobin (C20H19F3N2O4, FRAC 
code 11) interfere with both energy and cell membrane production by plant pathogenic fungi 
(Delaro, Bayer CropScience, Research Park Triangle, NC). Treatments were randomly assigned 
to one of sixteen 0.21-hectare plots as follows: control (CON) received no fungicide application; 
treatment 1 (V5) received one application at a rate of 292 mL/hectare when corn was at 
vegetative state 5 (V5) when a collared fifth leaf has emerged (Mueller and Pope, 2009); 
treatment 2 (V5R1) received two applications at growth states V5 and R1 when visible silks had 
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emerged (Mueller and Pope, 2009) at rates of 292 mL/ha and 584 mL/ha respectively; treatment 
3 (R1) received one application at a rate of 584 mL/ha at R1. Fungicide treatments were applied 
on June 16, 2017 and July 26, 2017. Fungicide applications at V5 were applied using a RoGator 
1100 tractor (AGCO, Duluth, GA). Fungicide applications at R1 were applied using a Hagie STS 
16 tractor (Hagie Manufacturing Company, Clarion, IA). All plots were driven over regardless of 
treatment group for equal chances of damage to the plant.  
Disease evaluation 
 Disease evaluations were conducted at three separate time points throughout the growing 
season. Evaluations were conducted before each fungicide treatment and harvest. Evaluations 
occurred on June 14, 2017, at vegetative state 5 (V5); July 20, 2017, when corn was tasseling 
(VT); and August 28, 2017, at reproductive stage 5 (R5) when corn kernels had a visible dent. 
Ten random plants from each of the 16 plots were evaluated. Due to low disease prevalence, 
disease pressure was recorded as a percent of the whole plant. The same evaluator conducted all 
evaluations to minimize error.  
Soil sample collection and analysis 
 Soil samples were collected at three different time points throughout the growing season. 
Samples were collected before each fungicide treatment and harvest. Soil samples occurred at 
three different time points: July 16, 2017 at V5 (STP1), July 25, 2017 at R1 (STP2) and August 
29, 2017 at R5 (STP3). Soil samples were collected by removing the root zone of five plants in 
an “X” format throughout each plot. One root zone was collected from the center of the plot, and 
4 root zones were collected from each corner. Corner samples were collected in the 3rd row, 
approximately 4.5 meters inside the plot. To get a representative sample of the entire plot, root 
zones were removed from each plot and composited. Two samples per treatment were 
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refrigerated overnight at 8° C before sending to a commercial laboratory for analysis (Earthfort, 
Corvallis, OR). Soils were analyzed for mycorrhizal colonization, total bacteria, fungi, and 
protozoa population; as well as number of active bacteria, fungi, and protozoa.   
 Crop collection  
 Twelve corn plants and 12 root systems were collected from all 16 plots twice throughout 
the growing season. Collections occurred on July 24, 2017 at R1 and on August 29, 2017 at R5. 
To gain a representative sample of the entire plot, each plot was split into 2 sub-plots. Six plant 
and root systems from the South-West corner and 6 plant and root system from the North-East 
corner were removed. Labels denoting treatment and individual plant number were placed on 
plants in rows 4 through 9 and roughly 4.5 meters inside the plot. Plant stalks were cut at a 
height of 25.4 cm. A spade (Seymour Midwest, Warsaw, IN) was used to remove the remaining 
stalk and root. At each collection point, 48 plants per treatment group were collected. A total 384 
corn plants were removed; 192 plants at R1, and 192 plants at R5.  
Plant sample measurement  
 Once all the plants had been collected and removed from the field, the length of the plant 
(m) and number of ears, yellow leaves, and green leaves were recorded. Length was measured 
from the base of the cut stalk to the tip of the tassel. Next, the mass of the plant (g) and the root 
(g) were recorded.  Roots were washed to remove any dirt and left to air dry for 24 h before 
obtaining the mass.  
Harvest  
Corn was harvested and ensiled on August 30, 2017 using a John Deere 8370 (Deere & 
Company, Moline, IL) tractor and a Dion F-41 Silage Chopper (Dion-Ag Inc., Boisbriand, 
Canada). Corn was harvested 4 rows at a time at a theoretical chop length of 2 cm. Cut height 
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was 30.5 cm (LC) and 56 cm (HC). Harvested corn was loaded into H & P Forage wagons (H 
and S Manufactoring Co., Inc., Marshfield, WI) Wagons were weighed on a truck scale (Mettler 
Toledo, Columbus, OH) and off loaded into horizontal Ag Bags (Ag Bag Systems, St. Nazianz, 
WI) with a diameter of 2.74-m and length of 45.72-m. During the bagging process, silage was 
treated with a Silo King inoculant (Agri-King, Fulton,IL) at a rate of 226.8 g per metric ton.  
WPCS sampling  
 In order to collect a representative sample of the entire plot, approximately 1 kg of 
chopped corn was removed every 60 s from the wagon as it was being loaded in the Ag Bags. 
Each plot and chop height were composited separately. A total of 600 g of composited materials 
were placed into each mini silo. Mini silos were ensiled in FoodSaver vacuum seal bags (Food 
Saver, Boca Raton, FL). Bags (20.32 cm  27.94 cm) were sealed inside a Minipack MVS-20 
single chamber vacuum sealer (Doug Care Equipment, Inc., Springville, CA) for 15 s. To 
evaluate the effect of foliar fungicide application, mini silos were opened at 4 different 
fermentation time points: 0, 30, 60, or 90 d. Each time point was replicated 3 times per chop 
height; totaling 96 mini silos per time point, and 384 mini silos in total. Mini silos from 0 d were 
immediately placed into a -20° C freezer on August 30, 2017. All other bags were placed into a -
20° C freezer at 30 d (September 29, 2017), 60 d (October 29, 2017), and 90 d (November 28, 
2017) relative to ensiling. The WPCS was collected in the same manner and ensiled for 90 d to 
later evaluate in situ degradability.  
Fermentation profile analysis  
Once all corn silage silos were collected and stored at -20°C for a minimum of 1 wk, 
bags were opened and composited in an identical fashion. One representative sample of corn 
silage from each plot at all time points (n = 32) was sent for laboratory analysis. The WPCS 
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samples were dried in force air oven at 60°C (Goering and Van Soest, 1970) to calculate dietary 
DM. Crude protein and ammonia were analyzed based on percentage DM basis.  
 A fermentation profile was determined by a commercial laboratory for percentage of: 
lactic acid, acetic acid, propionic acid, butyric acid, total acid. Ammonium-N as a percentage of 
total N, pH, and VFA score were also measured. A VFA score was developed by the commercial 
laboratory to assist producers and advisors (Dairy One, Ithaca, NY). The score weights the 
positive impact of lactic and acetic acid with the negative impact of butyric acid to arrive at one 
score; a score of 8 to 10 indicates a good quality silage and less than 3 indicated a poor silage 
(Dairy One, http://dairyone.com/wp-content/uploads/2014/01/VFA-Scores.pdf, 2015). For 
preparation of samples for volatile fatty acid analysis, 50 g samples of corn silage were blended 
at 2,000 rpm for 2 min in 750 mL deionized water, filtered through cheesecloth, and filtered 
again with a disposable syringe filter. Briefly, acetic, propionic, butyric, and iso-butyric acid 
were analyzed using gas chromatography, using 100 ppm trimethylacetic acid and a Perkin 
Elmer Autosystem XL Gas Chromatograph. Lactic acid for corn silage samples was analyzed 
using YSI 2700 SELECT Biochemistry analyzer with a L-Lactate membrane. 
 Additionally, WPCS from 0 and 90 d were analyzed for mycotoxins including: aflatoxin 
B1, aflatoxin B2, aflatoxin B3, aflatoxin G1, aflatoxin G2, 3-acetyl deoxynivalenol (DON), 15-
acetyl DON, vomitoxin, T-2, and zearalenone at a commercial lab (Dairy One, New York). 
Aflatoxin B1, aflatoxin B2, aflatoxin B3, aflatoxin G1, and aflatoxin G2 was determined using 
AOAC 994.08 (AOAC International, 2005). The 3-acetyl DON, 15-acetyl DON and vomitoxin 
were determined using analytical procedures described by Trucksess et al. (1997) and 
MacDonald et al. (2005a). Mycotoxin T-2 was determined using an analytical procedure as 
described by Croteau et al. (1994). Zearalenone was determined using an analytical procedure as 
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described by MacDonald et al. (2005b). In brief, the mycotoxin sample is extracted from the corn 
using an acetonitrile/water (80/20) extraction method. Extracted mycotoxins samples are then 
prepared as solid phase extracts to using a Triology MT3000 clean up column (Trilogy 
Analytical Laboratory, Missouri) and analyzed using a liquid chromatography-mass 
spectrometry technique. 
Wet chemistry nutrient analysis 
Whole plant part samples were dried in a forced-air oven for 24 h at 110°C for 
determination of DM and then ground, using a Thomas Model 4 Wiley Mill (Thomas Scientific, 
Swedesboro, NJ), through a 4-mm screen, a subset was collected, and the rest was ground again 
through a 1-mm screen. Samples were then sent to the University of Wisconsin Soil and Forage 
Laboratory (Marshfield, WI) for further nutrient analysis. Sample ash was determined from dried 
1.0-g subsamples by combustion at 500°C for 6 h in a muffle furnace. Concentrations of NDF, 
ADF, and ADL were determined sequentially using the batch procedures outlined by ANKOM 
Technology Corp. (Macedon, NY) for an ANKOM 200 Fiber Analyzer. The neutral detergent 
extraction procedure was performed using a heat-stable α-amylase for removal of starch. A rapid 
combustion procedure (AOAC International, 1998; Method 990.03; Elementar Americas Inc., 
Mt. Laurel, NJ) was used to quantify whole-plant N; CP was then calculated as N × 6.25. Starch 
was determined using an enzymatic-colorimetric method (Hall, 2015). A 30-h in vitro digestion 
of NDF was conducted in buffered rumen fluid (NDFD30) using procedures described in detail 
by Kruse et al. (2010) and Coblentz et al. (2017). Undigested NDF (uNDF) was analyzed 
similarly to NDFD30 but allowed to incubate for 240 h rather than 30 h. 
In situ: sampling and bag preparation  
  24 
 On November 28, 2017 (90 d), the WPCS in the Food Saver bags were stored at -20°C 
overnight to stop fermentation. The WPCS was then removed from the Food Saver bags and 
were dried in force air oven at 60°C, then ground through a 4-mm screen in a Thomas Model 4 
Wiley Mill (Thomas Scientific, Swedesboro, NJ). 
Dacron bags 10 × 20 cm with 50 m pores (Ankom Technology, Macedon, NY, USA) were 
utilized for this study. The procedure used was similar to the one described by Vanzant et al. 
(1998). Briefly, bags of both sizes were labeled, dried, and weighed prior to the addition of the 
corn silage. Each bag was heat sealed at least twice to ensure no feed particles escaped. Bags 
were filled to achieve a 20 mg of DM/cm2 of bag surface. Small bags were filled with 8 g of DM. 
To ensure enough sample would remain inside the bags for analysis, two replicates per treatment 
were made for 0, 4, 8 h bags, three replicates per treatment were made for 12, 24, 48 h bags, and 
four replicates per treatment were made for 72 h bags (n = 456). Bags were removed at 0, 4, 8, 
12, 24, 48, and 72 h. Care was taken to minimize air exposure that could interfere with proper 
fermentation, and remaining bags were placed back into the ventral rumen. Bags that were 
removed from the rumen were immediately placed in ice water to stop fermentation. Bags were 
hand rinsed thoroughly in cold running water until the rinsing water was clear, then bags were 
immediately frozen (-20◦C) for at least 24 h. After freezing, the bags were thawed and rinsed on 
a rinse cycle of a washing machine (Roper RTW4641BQ1, Whirlpool Corp., Benton Harbor, MI, 
USA) 2 times to reduce microbial content. Bags were then oven dried for 24 h at 60°C and 
disappearance was calculated. In the instance of torn bags or compromised seals post digestion 
the data were considered missing (n = 1).  
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In situ: animals and housing  
 All experimental procedures were approved by the University of Illinois (Urbana-
Champaign, IL, USA) Institutional Animal Care and Use Committee. Three second-lactation 
lactating Holstein cows (275 ± 42 days in milk; milk yield: 33 ± 13 kg/day) fitted with a rumen 
cannula were used for the experiment. Cow 583 was being treated for mastitis during the 
duration of the trail. Cows were housed in a tie-stall barn with individual feed access and fed diet 
to meet the NRC (2001) requirements with ad libitum access to feed. The diet was composed of 
500 g/kg concentrate and 500 g/kg forage. The concentrate was a mixture of dry ground corn, 
soybean meal, soy hulls, blood meal, minerals, and vitamins. The forage consisted of 720 g/kg of 
corn silage and the rest (280 g/kg) made of alfalfa hay, alfalfa silage, and cottonseed. Cows were 
fed once daily at 1400 h, and were milked three times daily at 0700, 1400, and 2200 h.  
In situ: chemical analysis  
The replicates of each time point from each treatment were combined to make a 
composite sample per cow that were then sent to the University of Wisconsin Soil and Forage 
Laboratory (Marshfield, WI) for analysis. The samples (n = 24 per treatment) were analyzed for 
DM, CP, starch, NDF, ADF, and ash. Sample ash was determined from dried 1.0-g subsamples 
by combustion at 500°C for 6 h in a muffle furnace. Concentrations of NDF and ADF were 
determined sequentially using the batch procedures outlined by ANKOM Technology Corp. 
(Macedon, NY) for an ANKOM 200 Fiber Analyzer. The neutral detergent extraction procedure 
was performed using a heat-stable α-amylase for removal of starch. A rapid combustion 
procedure (AOAC International, 1998; Method 990.03; Elementar Americas Inc., Mt. Laurel, 
NJ) was used to quantify whole-plant N; CP was then calculated as N × 6.25. Starch was 
determined using an enzymatic-colorimetric method (Hall, 2015). 
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Statistics 
 Corn plant performance, corn disease evaluations were analyzed as a split-plot design in 
time using the MIXED procedure of SAS using the following model: 
yhijk =  μ + Bℎ +  H𝑖 + Tj +  (HT)ij + Sk + (HS)ik + (TS)𝑗𝑘 + (HTS)𝑖𝑗𝑘 + eℎ𝑖𝑗𝑘 
 Where yhijk = the observations of dependent variables, μ = the overall mean, Bℎ = the 
random effect of the ℎ𝑡ℎ block , Hi = the fixed effect of the 𝑖
𝑡ℎ cut height (LC or HC), Tj = the 
fixed effect of the 𝑗𝑡ℎ foliar fungicide treatment, (HT)ij = the interaction between the 𝑖
𝑡ℎ cut 
height and the 𝑗𝑡ℎ fungicide treatment, S𝑘 = the fixed effect of stage in which the sample was 
taken (VT or R5), (HS)ik = the interaction between the 𝑖
𝑡ℎ cut height and the 𝑘𝑡ℎ stage, (TS)𝑗𝑘 = 
the interaction between the 𝑗𝑡ℎ  fungicide treatment and the 𝑘𝑡ℎ stage, (HTS)ijk = the three way 
interaction between the 𝑖𝑡ℎ cut height, the 𝑗𝑡ℎ fungicide treatment, and the 𝑘𝑡ℎ stage, and e𝑖𝑗𝑘𝑙 = 
the random residual error. The method for degrees of freedom was Kenward-Rodgers (Littell et 
al., 1998).  For variables related to soil analysis the model did not include height as an effect.  
The corn silage yield and kernel processing data were analyzed as a split-plot design using the 
MIXED procedure of SAS (version 9.4; SAS Institute Inc., Cary, NC) using the following 
model: 
yijk =  μ +  𝐵i + H + T𝑘 + (HT)jk + e𝑖𝑗𝑘 
Where yijk = the observations of dependent variables, μ = the overall mean, B𝑖 = the 
random effect of the 𝑖𝑡ℎ block, H is the fixed effect of the 𝑗𝑡ℎ cut height, Tk = the fixed effect of 
the 𝑘𝑡ℎ foliar fungicide treatment, (HT)jk = the interaction between the 𝑗
𝑡ℎcut height and the 𝑘𝑡ℎ 
fungicide treatment, and e𝑖𝑗𝑘 = the random residual error. The method for degrees of freedom 
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was Kenward-Rodgers (Littell et al., 1998).  The WPCS wet chemistry results were analyzed as a 
split-plot design in time using the MIXED procedure of SAS using the following model: 
yhijkl =  μ + Bℎ +  V𝑖 + Tj + (VT)ij + Dk + (VD)ik +  (TD)𝑗𝑘 + (VTD)𝑖𝑗𝑘 + 𝑅𝑙 + eℎ𝑖𝑗𝑘𝑙 
 Where yhijkl = the observations of dependent variables, μ = the overall mean, Bℎ = the 
random effect of the ℎ𝑡ℎ block , Vi = the fixed effect of the 𝑖
𝑡ℎ cut height (BMR or FLY), Tj = the 
fixed effect of the 𝑗𝑡ℎ foliar fungicide treatment, (VT)ij = the interaction between the 𝑖
𝑡ℎ cut 
height and the 𝑗𝑡ℎ fungicide treatment, D𝑘 = the fixed effect of ensiling length (day; 0, 30, 60, 90 
d), (HD)ik = the interaction between the 𝑖
𝑡ℎ cut height and the 𝑘𝑡ℎ day, (TS)𝑗𝑘 = the interaction 
between the 𝑗𝑡ℎ  fungicide treatment and the 𝑘𝑡ℎ day, (HTD)ijk = the three way interaction 
between the 𝑖𝑡ℎ cut height, the 𝑗𝑡ℎ fungicide treatment, and the 𝑘𝑡ℎ day, 𝑅𝑙 = fixed effect of 
repeated measurement, and e𝑖𝑗𝑘𝑙 = the random residual error. The method for degrees of freedom 
was Kenward-Rodgers (Littell et al., 1998).   
Results are reported as least squares means (LSM) with corresponding standard error of 
the mean (SEM) for fixed effects of foliar fungicide treatment, cut height, and stage (plant parts) 
or day (silage). Treatment LSM were separated using the difference of LSM. Residual 
distribution was evaluated for normality and homoscedasticity. WSC were log transformed for 
better distribution of values and variance of residuals. The data were back transformed and 
presented as the least squares means values WSC. Statistical significance was declared at P ≤ 
0.05 and trends at 0.05 < P ≤ 0.10. 
 In situ degradability data were analyzed in two sequential steps. First, a nonlinear model 
of in situ digestion was analyzed using the NLREG procedure, based on the partitioning of feed 
such that the fractions of soluble feed (A), washout fraction after rinsing at time point 0), rumen 
  28 
degradable feed (B), and indigestible feed (C) is summed to 1. The disappearance data from the 
small bags were first fitted to the full model:  
Y = B (𝑒𝑥𝑝−𝑉𝑘𝑑(𝑡−𝑡1)) + C 
Where B = the proportion of potentially degradable feed, C = the proportion of 
indigestible feed, t = time point, Y = the proportion of nutrient remaining at a specified time 
point (t), kd = the fractional digestion rate constant, and V = 1 when t ≥ lag (t1), and V = 0 when 
t < lag (McDonald, 1981; Van Milgen et al., 1991). The parameter of lag was restricted so that 
lag ≥ 0. If the full model failed to converge or lag = 0 (Ørskov and McDonald, 1979) then the 
reduced model was utilized:  
Y = B (𝑒𝑥𝑝−𝑘𝑑(𝑡)) + C 
  
The A (soluble) fraction was then calculated as 1 -(B + C). The effective degradability 
was estimated as ED=A+B×[kd/(kd+kp)] (McDonald, 1981). Although the fractional rate of 
passage from the rumen (kp) is affected by many factors [feeding intake, diet composition, feed 
particle size, and moisture in feeds (Krizsan et al., 2010)], a value of 0.06 was assumed to 
estimate ED in the present experiment. An ANOVA was then conducted on estimates of soluble 
feed, rumen degradable feed, indigestible feed, kd, and ED.  
In the event that neither exponential model could not be fit, the rate of disappearance 
from the small bags was calculated using: 
    Y = Yp + b*max(0, x-t2) 
Where Y = the proportion of feed remaining at a specified time point, x= the parameter 
being measured (ADF or NDF), Yp = peak proportion of feed in the bag, assumed to be 1, b = 
slope of disappearance as feedstuff passes out of the bag, t2 = lag. 
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Secondly, a linear mixed model (MIXED procedure) was created to explore associations 
among parameters calculated. Treatment, cut height, and replicate were treated as fixed effects 
and cow was considered a random effect. Cut height and treatment as well as the interaction 
between the two were treated as fixed effects. Three predetermined orthogonal contrasts were 
used for both models. One contrast compared corn silage with fungicide application, and the 
other two contrasts examined linear and quadratic effects of fungicide applications. These 
contrasts were used for all variables analyzed unless otherwise stated. The degrees of freedom 
method used was Kenward-Rogers (Littell et al., 1998). Residual distribution was evaluated for 
normality and homoscedasticity using the UNIVARIATE procedure. Statistical significance was 
declared at P ≤ 0.05 and tendencies when 0.05 < P ≤ 0.10.  
Results 
Disease evaluations 
 Measurements of foliar disease or corn in CON, V5, V5R1, and R1 due to the fixed effect 
of treatment are in Figure 1. No fungicide application had effects on disease pressure (P > 0.59). 
Disease pressure was low during the 2017 growing season. Total disease pressure on an 
individual plant basis for V5, VT, and R1 was 0.26, 1.92, and 1.86%, respectively. 
Soil microbiology 
Measurements of mycorrhizal colonization, total bacteria, fungi, protozoa population, and 
numbers of active bacteria, fungi, and protozoa are in Table 2.1. Treatment tended to have an 
effect on active fungi populations (P = 0.051). Lower active fungi populations were observed in 
R1 than CON, V5, V5R1 (11.06, 11.04, 10.44, and 6.63 μg/g; SEM = 0.9 for CON, V5, V5R1, 
and R1, respectively). A treatment by time point interaction (Fig. 2.4) was observed for the 
number of active fungi (P = 0.023). At TP3 soil from CON had higher concentrations of active 
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fungi than soil from V5, R1, and V5R1 (10.4 μg/g, 6.1 μg/g, 7.2 μg/g, 5.4 μg/g for CON, V5, 
V5R1, and R1, respectively). Soil mycorrhizal colonization in CON, V5, V5R1, and R1 totaled 
0.16, 0.05, 0.09, and 0.12%, respectively. Fungicide application had no effect on the bacterial or 
protozoal community in the soil (P > 0.38).  
Plant measurements   
 Measurements of leaves and cobs, plant weight, root weight, and height of corn stalk for 
corn in CON, V5, V5R1, and R1 are in Table 2.2. No effect of foliar fungicide treatment on corn 
was observed (P > 0.18).  
 Fungicide by time point interactions were observed for number of yellow leaves, number 
of green leaves, and root weight. Corn in CON and V5 had more yellow leaves than corn in 
V5R1 and R1 (Fig. 2.2; P = 0.0001). Corn in CON had significantly fewer green leaves (Fig. 
2.2) at the R5 time point than corn in V5, V5R1, and R1 (P = 0.0062).  
Corn yield  
 Yield data are in Table 2.3. The total yield for all treatments and cut heights was 40.1 × 
103 kg/ha. Corn yield for LC and in CON, V5, V5R1, and R1 were 44.3, 42.0, 40.8, and 40.6 × 
103 kg/ha, respectively. Corn yield for HC and in CON, V5, V5R1, and R1 were 39.1, 38.8, 37.6, 
and 37.7 × 103 kg/ha, respectively. Fungicide application had no effect on corn yield (P > 0.75).  
WPCS fermentation profile 
 Fermentation results of WPCS from CON, V5, V5R1, and R1 are in Table 2.4. Foliar 
fungicide application had no significant effects on fermentation profile (P > 0.07).  Corn in V5, 
V5R1, and R1 tended to have higher ammonia-N, % total N concentrations than CON corn. 
Two-way interactions were observed for pH, VFA, and concentrations ammonia, amm-N, acetic 
acid, lactic acid, butyric acid and total acid (Fig. 2.5, Fig 2.6, Fig 2.7). Corn in V5, V5R1, and 
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R1 had higher concentrations of acetic acid (1.3%, 1.5%, 1.5%, 1.7% at d 90 for CON, V5, 
V5R1, and R1, respectively), butyric acid (0.047%, 0.053%, 0.055%, 0.053% at d 90 for CON, 
V5, V5R1, and R1, respectively), and total acid (9.8%, 11.2%, 10.0%, 10.0% at d 90 for CON, 
V5, V5R1, and R1, respectively). Stage V5 had the highest concentrations of lactic acid 
throughout the ensiling period (8.8%, 9.6%, 8.5%, 8.3% at d 90 for CON, V5, V5R1, and R1, 
respectively).  The fixed effect of time on fermentation profile are in Appendix 1.1 and 1.2. Corn 
in V5 had the highest VFA score over time (9.4, 9.7, 9.3, 9.3 at d 90 for CON, V5, V5R1, and 
R1, respectively). Corn in V5 also had the lowest pH (3.8, 3.7, 3.8, 3.8 at d 90 for CON, V5, 
V5R1, and R1, respectively). There were no significant three way interactions (P > 0.10). Two-
way interactions are represented in Fig 4-5.  
WPCS wet chemistry  
Chemical composition of WPCS from CON, V5, V5R1, and R1 are in Table 2.4. 
Fungicide application had no significant effects on chemical composition of WPCS (P > 0.06). 
HC WPCS had higher CP concentrations when compared with LC WPCS (P = 0.003). HC 
WPCS had higher starch concentrations when compared with LC WPCS (P < 0.0001). HC 
WPCS had higher P concentrations when compared with LC WPCS (P = 0.0008). HC WPCS 
had higher S concentrations when compared with LC WPCS (P = 0.01). HC WPCS had higher 
NDFD30 concentrations when compared with LC WPCS (P = 0.0004). HC WPCS had lower 
uNDF concentrations when compared with LC WPCS (P < 0.0001). HC WPCS had lower WSC 
concentrations when compared with LC WPCS (P = 0.0002).  HC WPCS had lower Mg 
concentrations when compared with LC WPCS (P = 0.03). HC WPCS had lower K 
concentrations when compared with LC WPCS (P = 0.01). Two-way interactions of cutting 
height × days ensiled were observed for NDF, ADF, and ADL (Fig. 2.6). Two-way interactions 
  32 
of fungicide application × days ensiled were observed for NDF (Fig. 2.8). NDF decreased over 
time, CON corn had the lowest NDF values at d 0 (34.3%, 35.0%, 35.6%, 35.4%for CON, V5, 
V5R1, and R1, respectively). CON corn also had the lowest NDF value at d 90 (29.8%, 30.1%, 
31.8%, 31.3% for CON, V5, V5R1, and R1, respectively). 
WPCS mycotoxins   
 Aflatoxin B1, aflatoxin B2, aflatoxin G1, aflatoxin G2, 3-acetyl DON, 15-acetyl DON, T-
2, Vomitoxin, and Zearalenone in all WPCS treatments were below detection limits (Dairy One, 
2015).   
In Situ Degradability  
 Degradability data are in Table 2.5 and Table 2.6. There was no effect of fungicide 
treatment or cut height on degradability of DM, OM, NDF or ADF. Raising the cut height from 
LC to HC, increased the effective degradability of CP.  
Discussion  
Effects of foliar fungicide  
 Overall, the purpose of foliar fungicide application on corn is to limit the negative effects 
of fungal pathogens on the plant material. In this study, the application of fungicide had no 
significant effects on disease control. Disease pressure was minimal in the 2017 growing season. 
Conclusions on the efficacy of fungicide’s ability to control disease can only be drawn when 
disease is present. Less than 2.5% of each individual plant showed signs of disease. According to 
recommendations of Paul et al. (2011), decisions to use fungicide may be more warranted and 
cost effective (based on kg of corn per hectare) when greater than 5% of the individual plant 
shows signs of disease. Fungicide application at the R1 time point reduced the number of yellow 
leaves. Although no visual observation of fungus was noted in the corn in the field, it is possible 
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that corn from this study could still have been infected. A study done by Eckard et al. (2011) 
concluded that when corn was diagnosed visually only 1 to 3% of corn showed signs of infection 
on the surface; however, when the corn particles were plated it was found that the average 
Fusarium incidence was 46%. Another possible explanation for the reduction of yellow leaves: 
foliar fungicide has been shown to inhibit the biosynthesis of ethylene which promotes leaf 
senescence (Grossman and Retzlaff, 1997). It was hypothesized that this reduction of yellow 
leaves would lead to increased nutritional benefit when corn was fed to ruminants as WPCS. 
However, when the nutritional value of WPCS treated with foliar fungicide was assessed, 
fungicide application showed no significant effect on WPCS composition nor rumen 
degradability.  
 Fungicide application had no effect on the bacterial or protozoal community in the soil. 
In the current study, both active bacteria populations remained stable throughout fungicide 
applications. Consistent with that of findings in Howell et al. (2014) which showed expression of 
bacterial DNA in the soil did not change in untreated soils versus soils treated with 25 mg/kg of 
azoxystobin (2.767 H and 2.691 H, least standard deviation = 0.379). Fungicide application 
tended to have an effect on soil active fungi populations (Table 2.1). Soil in R1 had lower active 
fungi populations than CON, V5, V5R1. At TP3 soil from CON had higher concentrations of 
active fungi than soil from V5, R1, and V5R1.  A similar result was found in a study done by 
Zhang et al. (2014) studying the effects of a triazole fungicide. The authors reported a significant 
decline in total phospholipid fatty acids (PLFAs), a good estimator of living microbial mass 
(Baath and Anderson, 2003), over the 90 d incubation period. At 90 d, the total PLFA in soil 
treated with tetraconazole at a rate of 1.00 mg/kg and 3.33 mg/kg were 22.9 and 30.1% lower 
than in the control soils, respectively. It is important to note active fungi populations across all 
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treatments are well below EarthFort’s recommended threshold of active fungi > 30 μg/g. While 
no significant treatment effects were observed on number of total fungi populations, total fungi 
populations from all treatment groups were also well below EarthFort’s recommended threshold 
of >300 μg/g (EarthFort recommendations are based off their own proprietary lab data and 
interpretation of Ingham et al. (1986)).  
Colonization of Arbuscular mycorrhiza (AM) on plant roots creates a symbiotic 
relationship that enhances growth rate through the uptake of phosphorus (Carey et al., 1992). 
Arbuscular mycorrhizal associations benefit host plants in several ways, by increasing resistance 
of plants to water stress (Ellis et al., 1985) or diseases (Sharma et al., 1992), and contributing to 
the uptake of soil nutrients, such as Phosphorus (George et al., 1995). The current study showed 
the application of prothioconazole and trifloxystrobin as a foliar fungicide significantly reduced 
the AM colonization in roots of BMR corn. Newsham et al. (1995) found a similar response, AM 
colonization was reduced 10-40% in response to benomyl application lichen-rich plant 
communities. The biological significance of AM reduction remains unclear. A two-way 
interaction of time point × fungicide application on root weight was observed. The roots of corn 
plants treated with fungicide tended to be heavier than roots of control plants. Fungicide 
application tended to improve the growth of corn roots, even though AM colonization on corn 
roots was reduced by fungicide application. 
Effects of cutting height 
Increasing the cut height of WPCS reduced yield and increased dry matter 
concentrations. An 8.7% gross yield loss occurred when switching from LC to HC. Due to the 
increase in DM from 33.4% at LC to 34.6% at HC, DM yield was only reduced by 5.5% when 
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switching from LC to HC. On a dry matter basis, the yield loss would be less economically 
substantial than when compared on a wet basis.  
Raising the height of cut at harvest improved the composition of WPCS by reducing the 
concentrations of ADF and ADL and increasing the CP and starch concentrations.  Switching 
from LC to HC reduced the concentration of WSC. Similarly, the current study observed a 
decrease in lactic acid, acetic acid, and total acid, reflecting the use of WSC by microorganisms 
during ensiling (Kalebich et al., 2017a). The NDF concentration of WPCS was not affected by 
the change in cut height. Bernard et al. (2004) examined the effects of changing cut height from 
10.2 cm to 30.6 cm in two non-BMR corn varieties. Corn silage harvested at 30.5 cm had lower 
ADF concentrations than corn harvested at 10.2 cm (variety 1: 22.01 vs. 21.68 and variety 2: 
21.87 vs. 21.78). When the WPCS was fed to 32 lactating Holstein cows, cut height had no 
significant difference in milk yield, milk concentration, yield of milk fat and protein, or ECM 
(Bernard et al., 2004). In contrast, a review of 11 cutting height studies concluded switching 
from a low cut (17.3 ± 6.4 cm) to a high cut (49.0 ± 7.1 cm) resulted in a 7.4% decrease of NDF 
concentrations (Wu and Roth, 2003). 
The improvement of WPCS composition was hypothesized to improve in situ 
degradation. Raising the cut height from LC to HC did improve the effective degradability of CP 
but had no effect on the disappearance of DM, OM, NDF, or ADF in the rumen. Additional time 
points may need to be added to the study to make more clear conclusions about NDF and ADF 
degradability. While there was no difference in situ degradation, the current study found raising 
cut height increased the NDFD30 and decreased the uNDF. Neylon and Kung (2003) found no 
differences in concentrations of DM, NDF, fermentation acids, or difference among 30 h NDF 
digestibility when switching cut height from NC (12.7 cm) to HC (45.7 cm), but did observe a 
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reduction of ADF and ADL concentrations in HC, which supports the findings of the current 
study. Harvesting the corn plants higher tended to increase total tract NDF digestibility (34.3 HC 
vs. 31.8 NC) (Neylon and Kong, 2003). The improved total tract digestibility, versus no change 
in degradability in the current study, could be due to improved digestion in the hindgut, as in situ 
studies are only able to account for the disappearance that occurs in the rumen. Lower 
proportions of the more digestible corn hybrids may be more similar in composition and 
digestibility to the upper proportion of the plant than varieties with lower digestibility (Bernard 
et al., 2004). Raising the cut height of a BMR corn may not be an effective way to reduce NDF 
concentrations and increase digestibility.  
While there were no significant effects of fungicide application on WPCS composition, 
there were significant two-way interactions between cutting height and fungicide application 
(Fig. 2.5). Corn in V5, V5R1, and R1 and cut at HC had higher acetic acid concentrations than 
CON corn cut at HC. Cutting V5 corn at HC improved the VFA score; whereas, cutting CON, 
V5R1, and R1 at HC reduced the VFA score. Corn in V5R1 cut at HC had higher ADF 
concentrations than corn in CON, V5, and R1 cut at HC. Corn in V5R1 cut at HC also had 
increased NDF concentrations. Wise and Muller (2011) showed that foliar fungicide applications 
improve standability of corn and reduce stalk lodging. Therefore, increased ADF and NDF, even 
at a higher cut, may be a result of fungicide application improving stalk health. Digestibility of 
NDF improved with raising the cut height, WPCS treated at V5R1 and harvested at HC had the 
best NDFD30 concentrations. To the best of our knowledge, we are the first to look at the 
interaction of cut height and fungicide application. These results suggest raising cut height may 
not be an effective way to reduce NDF concentrations and increase digestibility of corn, but there 
appear to be some nutritional benefits of raising cut height and applying fungicide.  
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Effects of ensiling time 
Klienschmidt and Kung (2006) showed that even under anaerobic conditions at a low pH, 
Lactobacillus buchneri remained fairly active for up to one year. Bedrosian et al. (2012) reported 
that the concentration acetic acid increased steadily with length of storage from 0.98% at d 45 to 
1.71% at d 360. The current study showed that ensiling time had a significant effect on all 
parameters measured, excluding ash, during WPCS chemical analysis (Appendix 1.1 and 
Appendix 1.2).  The most notable are the decrease in DM and pH and the increase of total acids 
and VFA score. The DM loses associated with fermentation in the silo are primarily due to 
carbon dioxide production. These loses are typically between 2 to 4%, depending on the 
dominant microbial species present in the silo (Borreani, 2018). In the current study, the average 
DM loss over across all treatments over the 90 d was 1.37%. Average pH at d 0 was 5.8, pH 
dropped an average 2.04 points between d 0 and d 30, and remained stable at 3.8 from d 30 to 90. 
These results are consistent with the findings of Kalebich et al. (2017b) whose fresh samples had 
a pH of 5.7 and dropped to 3.8 at 30 d and remanded stable for the duration of the study. The 
drop in pH matched the increase of total acid. From 0 to 30 d, total acid increased on average 
9.1% and remained stable from 30 to 90 d. The same trend was observed with VFA score. From 
0 to 30 d, VFA score increased on average by 8.14 points and remained stable relatively stable at 
9.2 increasing by only 0.2 points from 30 to 90 d. These findings would suggest the stable 
storage phase was reached within the first four weeks of ensiling. 
Raising the cut height of WPCS reduced WSC and, therefore, the amount of substrate 
available to microorganisms. While acid concentrations were similar entering the silo at d 0, over 
time HC corn fermented less lactic acid, less acetic acid, and less total acid. Lower 
concentrations in acid resulted 0.3 point lower VFA score for HC at d 90 when compared to LC. 
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On the contrary, Neylon and Kung (2003) found no differences in concentrations fermentation 
acids when raising cut height.  
Fungicide application may reduce the time required to depletion of O2 in the aerobic 
phase and quicker entry into the anaerobic phase of ensiling (Kalebich et al., 2017b). Corn in V5, 
V5R1, and R1 had higher concentrations of acetic acid, and total acid than when compared to 
CON WPCS. V5 had the highest VFA score and concentrations of lactic acid. Corn in V5 also 
had the lowest pH. 
Ensiling time decreased concentrations of NDF, ADF, and ADL. Although fiber 
concentrations among individual treatments fluctuated over time (Fig. 2.7). Corn in CON had the 
lowest NDF values at 0 and 90 d. Corn in also CON had the lowest ADF values at 0 and 90 d. 
Herrmann et al. (2011) reported that the NDF in corn silage decreased from 42.7% in fresh 
forage to 36.9% in silage stored for 365 d. In contrast, Berdosian (2012) reported that ADF and 
NDF were not affected in silage store for 360 d. Corn in R1 had the lowest ADL value at 0 d and 
CON corn had the lowest ADL value at 90 d. The lower NDF, ADF, and ADL values of CON 
control, may also explain why Wise and Meuller’s (2011) reported that foliar fungicide 
applications improved standability of corn and reduced stalk lodging. Kalebich et al. (2017a) 
also reported increased lignin concentrations in corn silage treated with foliar fungicide at R1 
and V5 + R1 compared to corn in CON and corn treated at V5.  
Ammonia and Amm-N were increased due to the interaction of fungicide application and 
ensiling time (Fig. 7-8). Corn in CON had the lowest Amm-N value at d 0, CON and V5R1 corn 
had the lowest Amm-N values at d 90. Corn in CON had the lowest ammonia value at d 0 and d 
90 Bedrosian et al (2012) found Amm-N and ammonia, products of protein degradation, 
generally increase with length of storage. Although these increases are generally undesirable, 
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there are also generally unavoidable, because proteolysis is primarily a result of plant and 
microbial proteases. Lactic acid bacteria are the dominating microbe population involved in 
fermentation, and thus, is known to contain a wide variety of extracellular proteases and 
intracellular peptidases (Bedrosian et al., 2012). Since fungicide treated WPCS produced more 
lactic acid than CON corn, it is not surprising to see an increase in ammonia and amm-N 
concentrations.  
Potential effects on milk production of dairy cows 
 The model Milk2006 (Shaver et al., 2006) was used to estimate net energy of lactation 
(NEL, NRC, 2001), potential milk yield in kilograms per hectare of DM, and potential milk yield 
in kilograms per metric ton of DM consumed. Inputs were included from the LSM of 90 d 
nutrient composition for each treatment. The predicted NEL of this WPCS would be 5.68, 5.85, 
5.79, 5.89, 5.78, 5.80, 5.57, and 5.62 MJ/kg of DM consumed for CON/LC, CON/HC, V5/LC, 
V5/HC, V5R1/LC, V5R1/HC, R1/LC, and R1/HC, respectively. The predicted milk yield in 
kilograms per metric ton of DM consumed was 1,360, 1,436, 1,399, 1,449, 1,401, 1,419, 1,312, 
and 1,493. Similarly, the predicted milk yield in kilograms per hectare was 20,333, 19,374, 
18,880, 18,901, 18,911, 18,772, 18,446, and 19,515 for CON/LC, CON/HC, V5/LC, V5/HC, 
V5R1/LC, V5R1/HC, R1/LC, and R1/HC, respectively. When comparing fungicide treated 
WPCS to CON WPCS, the predicted NEL remained relatively unchanged, on average, increasing 
by 0.01 MJ/kg of DM consumed. The predicted milk yield of fungicide treated corn also 
remained relatively unchanged, increasing on average by 15 kg/MT of DM consumed. Raising 
the cut height of WPCS increased the milk yield by an average of 81 kg/MT of DM consumed. 
Similarly, Neylon and Kung (2003) found harvesting corn plants higher tended to increase milk 
production by 1.5 kg/d.  
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Milk yield on a kg/ha basis, CON/LC had numerically the highest predicted milk yield. 
When looking at NEL and milk yield in kilograms per metric ton, R1/HC corn had numerically 
the highest predicted values. Suggesting that R1/HC WPCS may result in the highest profit when 
fed to dairy cows.   
Conclusion 
Foliar fungicide application had no effect on disease prevalence in corn plants but did 
reduce the number of yellow leaves. Foliar fungicide application on BMR corn creates a better 
fermentation environment for corn ensiled as corn silage. Fungicide treated corn ensiled over 
time had higher VFA scores, and higher lactic, acetic, and total acid concentrations. Corn silage 
in V5 had the best overall fermentation profile with the lowest pH, highest lactic acid 
concentration, and highest VFA score. While corn in R1 and harvested at HC had the highest 
project profit when fed to dairy cows. Raising the cut height had no effect on NDF 
concentrations or VFA score, but reduced ADF, ADL, and increased the predicted milk yield by 
an average of 81 kg/MT of DM consumed.   
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TABLES AND FIGURES 
 
Table 2.1. Least square means and associated standard errors for microbiology measurements of soil at the three separate time points TP1, TP2, 
and TP3. 
 Treatment
1  P-Values
2 
 CON V5 V5R1 R1     
 TP1 TP2 TP3 TP1 TP2 TP3 TP1 TP2 TP3 TP1 TP2 TP3 SEM TP TRT TP × TRT 
Dry weight, g/kg 820 870 840 820 855 805 815 870 810 800 865 800 0.009 <0.0001 0.18 0.42 
Hyphal diameter, μm 2.85 2.8 2.85 2.83 2.85 2.85 2.85 2.8 2.85 2.85 2.85 2.85 0.02 0.29 0.75 0.57 
Active fungi, μg/g 19.5 3.3 10.4 18.5 8.5 6.1 20.8 3.3 7.2 7.2 7.3 5.4 1.76 <0.0001 0.051 0.023 
Total fungi, μg/g 203 109 217 157 190 285 176 115 175 173 161 160 30 0.021 0.39 0.12 
Active bacteria, μg/g 46.2 49 37.6 47.5 50.7 44.6 49 37.7 36.2 46.9 58 37.1 4.29 0.018 0.38 0.23 
Total bacteria, μg/g 1,460 1,297 1,614 1,724 1,447 1,009 1,998 1,055 1,782 1,726 1,017 1,951 228 0.017 0.72 0.15 
Actinobacteria, μg/g 5.2 4.9 12.4 5.2 4.0 5.3 5.1 7.0 8.1 5.7 5 9.7 1.84 0.017 0.57 0.35 
Flagellates, per g 20,376 11,283 3,772 19,774 6,066 7,819 19,763 17,525 6,185 13,840 5,999 6,262 8,317 0.093 0.92 0.94 
Amoebae, 103 per g 700 662 245 562 1,144 572 522 595 939 529 959 462 329 0.093 0.92 0.94 
Ciliates, per g 189 424 900 976 188 328 140 876 201 352 494 229 431 0.67 0.9 0.56 
Mycorrhizal 
colonization, % 
0.22 0.195 0.06 0.09 0.035 0.025 0.115 0.08 0.06 0.135 0.12 0.115 0.027 0.0077 0.0024 0.20 
1 Treatments = Treatments were control (CON) with no application of fungicide, V5 with fungicide application at V5, V5R1 with fungicide 
applications at V5 and R1, and R1 with fungicide application at R1.  
2 p-values were obtained for time point (TP), fungicide application (FUN), and fungicide application by time point interaction (TP × TRT) 
 
  47 
 
 
Table 2.2. Least squares means and associated standard errors for physical measurements at the first 
sampling time point (R1) and the second time point (R5) of brown mid-rib (BMR) corn. 
  Treatment1   P-Values
2 
 
CON V5 V5R1 R1        
  R1 R5 R1 R5 R1 R5 R1 R5 SEM TP TRT TP × TRT 
Plant weight, g 555 671 587 755 652 799 640 702 38 <0.0001 0.18 0.23 
Root weight, g 98 113 100 127 121 128 133 118 12 0.14 0.52 0.062 
Plant height, cm 194.2 199.2 192.9 200.6 200.6 202.7 198.6 201.8 4.7 0.0065 0.81 0.65 
Number of ears 1.9 1.77 1.94 2.02 2.13 2.11 2.21 1.85 0.14 0.09 0.45 0.08 
Number green leaves 11.25 9.9 11.1 10.56 11.25 10.06 10.98 10.2 0.18 <0.0001 0.65 0.0062 
Number yellow leaves 0 0.63 0 1.08 0.02 0.47 <0.01 0.35 0.19 <0.0001 0.55 0.0001 
1 Treatments = Treatments were control (CON) with no application of fungicide, V5 with fungicide 
application at V5, V5R1 with fungicide applications at V5 and R1, and R1 with fungicide application at 
R1. Each treatment was sampled at two separate time points: R1 and R5. 
2 p-values were obtained for time point (TP), treatment (TRT), and treatment by time point interaction 
(TP × TRT). 
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Table 2.3. Least squares means and associated standard error of chopped corn gross yields, chopped corn dry matter (DM) yields, and 
DM percent of the whole plant corn silage (WPCS), for brown mid-rib (BMR) WPCS varieties treated with fungicide. 
 Treatment
1  P-Values
2 
 CON V5 V5R1 R1        
  LC HC LC HC LC  HC LC  HC SEM Height FUN Height × FUN 
DM, g/kg 33.88 34.63 32.28 33.83 34.40 34.78 33.18 35.08 0.79 0.0012 0.51 0.23 
Gross silage yield, kg/ha 44,256 39,057 41,989 38,756 40,825 37,756 40,652 37,721 2,100 0.0023 0.76 0.82 
DM silage yield, kg/ha 14,957 13,502 13,495 13,117 14,058 13,077 13,504 13,240 725 0.03 0.75 0.51 
1 Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn with no fungicide 
treatment (CON), one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 and R1 (V5R1), or one 
application of foliar fungicide at R1 (R1).  
2 p-values were obtained for height, fungicide application (FUN), and height by fungicide application (height × FUN)
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Table 2.4. Least squares means and associated standard errors for WPCS chemical analysis harvested 
at low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) with no fungicide treatment 
(CON) or one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 and R1 
(V5R1), or one application of foliar fungicide at R1 (R1).  
  Treatment
1   P-Values
2 
 
CON V5 V5R1 R1 
 
      
  LC HC LC HC LC HC LC HC SEM Height FUN Height × 
FUN 
Composition             
DM, g/kg3 342 351 325 332 327 335 327 340 0.4 <0.0001 0.10 0.33 
CP, g/kg DM4 94 95 99 100 93 97 93 97 0.1 0.003 0.06 0.22 
Ammonia, g/kg DM 3.7 3.8 4.7 4.4 4.1 4.3 4.1 4.3 0.03 0.23 0.30 0.28 
NDF, g/kg DM5 335 324 343 321 329 338 331 331 0.6 0.05 0.98 0.004 
ADF,g/kg DM6 170 162 175 161 168 169 168 165 0.3 0.0006 0.95 0.01 
ADL, g/kg DM7 13.9 12.9 14.3 12.8 13.6 13.7 13.8 13.0 0.04 0.002 0.88 0.14 
Starch, g/kg DM 312 336 294 318 312 318 305 323 1.2 <0.0001 0.31 0.26 
WSC, g/kg DM8 32 29 37 33 33 26 34 32 0.2 0.0002 0.41 0.03 
NDFD 30 h, g/kg DM9 540 568 559 561 540 605 538 585 1.9 0.0004 0.88 0.08 
uNDF 240 h, g/kg DM10 86 81 88 76 83 80 87 78 0.2 <0.0001 0.74 0.21 
Ash, g/kg DM 34.9 33.2 35.3 34.3 34.3 33.9 35.0 35.4 0.09 0.30 0.57 0.64 
Ca, g/kg DM11 2.4 2.3 2.7 2.5 2.6 2.5 2.4 2.3 0.01 0.06 0.18 0.99 
P, g/kg DM11 2.44 2.70 2.64 2.72 2.55 2.62 2.48 2.64 0.005 0.0008 0.11 0.30 
Mg, g/kg DM11 1.82 1.73 1.97 1.86 1.98 1.85 1.88 1.81 0.008 0.03 0.46 0.95 
K, g/kg DM11 9.0 8.9 9.3 8.9 9.0 8.5 9.0 8.6 0.02 .009 0.20 0.55 
S, g/kg DM11 1.24 1.31 1.32 1.36 1.29 1.31 1.26 1.32 0.003 0.01 0.20 0.67 
B, mg/kg11 6.2 6.0 6.6 6.9 6.4 6.0 6.3 6.5 0.6 0.85 0.85 0.77 
Zn, mg/kg11 30 32 32 32 32 32 23 30 1.4 0.06 0.44 0.41 
Cu, mg/kg11 5.3 5.2 5.2 5.6 5.3 5.3 5.3 5.5 0.2 0.39 0.81 0.47 
Mn, mg/kg11  18 19 17 17 17 20 15 13 1.8 0.59 0.16 0.44 
Fermentation Products             
pH 4.29 4.31 4.26 4.28 4.29 4.33 4.29 4.33 0.02 0.001 0.50 0.48 
Lactic acid, g/kg 65.8 57.2 71.6 63.5 65.8 60.9 65.5 57.7 0.22 <0.0001 0.16 0.54 
Acetic acid, g/kg 9.8 9.1 11.1 9.8 10.1 10.4 11.9 9.4 0.04 <0.0001 0.13 <0.0001 
Lactic:acetic ratio  5.29 4.94 5.05 4.99 5.08 4.88 4.86 4.87 0.13 0.11 0.29 0.54 
Butyric acid, g/kg 0.63 0.59 0.73 0.75 0.61 0.69 0.69 0.66 0.004 0.48 0.07 0.07 
Total acids, g/kg 74.5 66.9 83.6 74.2 76.6 71.6 77.3 67.8 0.25 <0.0001 0.13 0.37 
Amm-N, g/kg  total N 38.9 38.1 47.3 45.0 45.0 43.1 45.0 45.3 0.32 <0.0001 0.06 0.54 
VFA score12 73.7 71.8 73.3 74.4 73.3 72.3 73.3 72.1 0.05 0.02 0.24 0.02 
1 Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn 
with no fungicide treatment (CON), one application of foliar fungicide at V5 (V5), two applications of foliar 
fungicide at V5 and R1 (V5R1), or one application of foliar fungicide at R1 (R1).  
2 p-values were obtained for height, fungicide application (FUN), and height by fungicide 
application (height  × FUN)    
3 Dry matter.  
4 Crude protein.  
5 Neutral detergent fiber. 
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Table 2.4 (Cont.) 
6 Acid detergent fiber. 
7 Acid detergent lignin.  
8 Water soluble carbohydrates. 
9 NDF digestibility 30-h. 
10 uNDF digestibility 240-h. 
11 Least square means presented from Day 0   
12 Volatile fatty acid. 
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Table 2.5. Least squares means and associated standard errors of soluble fraction, digestible fraction, 
indigestible fraction, fractional rate of digestion (Kd), and effective degradability (ED) for dry matter, 
organic matter and crude protein of WPCS harvested at low cut height (LC) and high cut height (HC) for 
brown mid-rib (BMR) with no fungicide treatment (CON), one application of foliar fungicide at V5 (V5), 
two applications of foliar fungicide at V5 and R1 (V5R1), or one application of foliar fungicide at R1 (R1) 
as determined by 10 × 20 cm polyester bags inserted into the rumen of lactating Holstein cows 
  Treatment
1   P-Values
2 
 
CON V5 V5R1 R1 
 
          
  
LC HC LC HC LC HC LC HC 
SE
M 
FUN Height  
FUN × 
Height 
Linear  Quadratic  
DM 
         
 
  
  
Souluble 0.60 0.61 0.61 0.62 0.61 0.62 0.61 0.62 0.01 0.53 0.31 0.91 0.99 0.86 
Degradable 0.28 0.29 0.28 0.28 0.28 0.28 0.27 0.26 0.01 0.58 0.98 0.98 0.35 0.58 
Indigestible  0.12 0.11 0.11 0.10 0.11 0.11 0.12 0.12 0.02 0.84 0.58 0.99 0.43 0.70 
Kd 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.01 0.80 0.86 0.89 0.44 0.92 
ED  0.74 0.74 0.73 0.74 0.74 0.74 0.73 0.75 0.01 0.93 0.11 0.75 0.63 0.85 
OM 
              
Souluble 0.60 0.60 0.61 0.62 0.61 0.62 0.61 0.62 0.01 0.53 0.31 0.91 0.99 0.86 
Degradable 0.28 0.29 0.28 0.28 0.28 0.27 0.27 0.26 0.01 0.58 0.98 0.98 0.36 0.58 
Indigestible  0.12 0.11 0.11 0.10 0.11 0.10 0.12 0.12 0.02 0.84 0.58 0.99 0.43 0.70 
Kd 0.06 0.05 0.05 0.05 0.05 0.05 0.05 0.06 0.01 0.80 0.86 0.89 0.44 0.91 
ED  0.74 0.74 0.73 0.74 0.73 0.74 0.73 0.48 0.01 0.92 0.11 0.75 0.63 0.85 
CP 
              
Souluble 0.68 0.69 0.71 0.71 0.70 0.72 0.69 0.70 0.02 0.22 0.40 0.85 0.30 0.56 
Degradable 0.20 0.18 0.16 0.17 0.18 0.17 0.17 0.17 0.03 0.87 0.84 0.96 0.94 0.75 
Indigestible  0.12 0.14 0.13 0.12 0.12 0.10 0.14 0.14 0.03 0.87 0.81 0.92 0.62 0.52 
Kd 0.04 0.05 0.04 0.04 0.05 0.08 0.05 0.05 0.03 0.83 0.62 0.95 0.56 0.50 
ED  0.57 0.58 0.56 0.57 0.57 0.57 0.56 0.59 0.01 0.50 0.04 0.71 0.37 0.85 
Starch               
Souluble 0.58 0.57 0.53 0.57 0.52 0.52 0.55 0.54 0.03 0.59 0.79 0.83 0.19 0.87 
Degradable 0.42 0.41 0.45 0.41 0.47 0.46 0.44 0.43 0.03 0.52 0.53 0.93 0.16 0.65 
Indigestible  0.01 0.02 0.02 0.02 0.01 0.02 0.01 0.03 0.01 0.33 0.05 0.25 0.88 0.12 
Kd 0.10 0.13 0.13 0.16 0.10 0.14 0.11 0.15 0.25 0.67 0.62 0.95 0.56 0.50 
ED  0.83 0.85 0.83 0.86 0.81 0.83 0.83 0.85 0.01 0.19 0.03 0.94 0.11 0.13 
1 Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn with no 
fungicide treatment (CON), one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 
and R1 (V5R1), or one application of foliar fungicide at R1 (R1). Linear = linear treatment effect; and quadratic = 
quadratic treatment effect. 
2 p-values were obtained for height, fungicide application (FUN), height by fungicide application (FUN × 
height) 
3Effective degradability (ED) = A + B × [kd/( kd + kp )]. Fractional rate of passage from the rumen (kp) 
assumed to be 0.06/h 
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Table 2.6. Least squares means and associated standard errors of peak, slope, and lag time (h), for WPCS 
harvested at low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) with no fungicide 
treatment (CON) or one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 
and R1 (V5R1), or one application of foliar fungicide at R1 (R1) as determined by 10 × 20 cm polyester bags 
inserted into the rumen of lactating Holstein cows for 0, 4, 8, 12, 24, 48, 72 hours. 
  Treatment
1   P-Values
2 
 
CON V5 V5R1 R1 
 
          
  
LC HC LC HC LC HC LC HC SEM FUN Height  
FUN × 
Height 
Linear  Quadratic  
NDF               
Slope -0.006 -0.009 -0.008 -0.010 -0.007 -0.008 -0.009 -0.009 0.002 0.81 0.35 0.85 0.85 0.41 
Lag 18.7 19.1 17.5 22.5 13.2 16.8 18.5 13.9 6.2 0.78 0.43 0.69 0.55 0.58 
               
ADF               
Slope  -0.009 -0.006 -0.010 -0.007 -0.009 -0.009 -0.008 -0.011 0.009 0.77 0.66 0.53 0.45 0.72 
Lag  23.9 30.4 24.9 82.5 24.3 27.7 29.2 22.71 6.2 0.99 0.70 0.75 0.90 0.95 
1 Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn with no 
fungicide treatment (CON), one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 
and R1 (V5R1), or one application of foliar fungicide at R1 (R1). Linear = linear treatment effect; and quadratic = 
quadratic treatment effect. 
2 p-values were obtained for height, fungicide application (FUN), height by fungicide application (FUN × 
height) 
 
  
  53 
Fig. 2.1. Percent disease incidence for Common Rust and total disease prevalence (P > 0.59).  
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Fig. 2.2. Number of Yellow Leaves over Time: Treatment × Time Point 
 
 
 
 
0
0.2
0.4
0.6
0.8
1
1.2
R1 R5
N
u
m
b
er
 o
f 
y
el
lo
w
 l
ea
v
es
Days
CON
V5
V5R1
R1
  55 
Fig. 2.3. Two-way interaction of time point × fungicide application (P = 0.062) on root weight 
(g). 
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Fig. 2.4.   Two-way interaction of time point × fungicide application on number of active fungi 
in the soil at TP1, TP2, and TP3 
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a)        b)           c) 
 
d)      e)      f)           
  
 
 
Fig. 2.5. Whole plant corn silage two way interaction of fungicide treatment × cut height (a), acid detergent fiber P =0.0073 (b), 
neutral detergent fiber P = 0.0044 (c), acetic acid P <0.0001 (d), VFA score P = 0.0171 (e) Water soluble carbohydrates P = 0.03 (f) 
NDFD 30 h P = 0.08 
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a)       b)         c) 
 
 d)        
    
 
Fig. 2.6. Whole plant corn silage two way interaction of days ensiled × cut height (a), lactic acid P <0.0001 
(b), acetic acid P <0.0001 (c), toal acid P =0.0001 (d), VFA score P =0.0001 
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a)         b) 
 
c)         d) 
 
e)          
 
Fig. 2.7. Whole plant corn silage two way interaction of days ensiled × fungicide treatment for 
(a), pH P =0.002 (b), ammonia  P <0.0001 (c), lactic acid P =0. 0172 (d), acetic acid P <0.0001 
(e), total acid P =0.0254 
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Fig. 2.8. Whole plant corn silage two way interactions between days ensiled × fungicide 
treatment for (a), ammonia N, % N P <0.0001 (b), VFA score  P =0.0232 (c), neutral detergent 
fiber P =0. 0231 (d), acid detergent fiber P =0.0056 (e), acid detergent lignin P =0.062.
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CHAPTER III 
OVERALL SUMMARY, CONCLUSIONS, AND PERSPECTIVES 
The world’s population is projected to reach 9.7 billion people by 2050.  There is not one 
simple solution that will solve the food shortage issue. It will take a combined world-wide effort 
to increase food production by 70% to meet future demands. We, as a society, are going to have 
to rely on science to help us reach our goals. Agricultural studies, like the one conducted here, 
are integral in helping advance food production. To the average person, a better understanding of 
how fungicide applications and cutting heights influence the composition of WPCS may not 
appear to be related to solving world hunger, but if we can find ways to improve the production 
of a Holstein cow, we are putting more milk, cheese, yogurt, etc. on tables across the United 
States and potentially the world. 
From this study, we gained better understanding of how fungicide application influences 
the fermentation environment inside the silo. We saw increased production of lactic acid, acetic 
acid, and overall acids, and improved the VFA score of WPCS. We learned that by raising the 
cut height of BMR corn, we lower the concentrations of ADF and ADL in WPCS, but we also 
reduce yield and hinder the fermentation environment, as shown by lower lactic and acetic acid 
concentrations. Foliar fungicide application appears to have an effect on active fungi and AM 
populations in the soil. The biological significance of this effect is still not fully understood. 
Going forward, the Dairy Focus Team will continue to monitor soil microbial population in order 
to gain a better understanding of the role foliar fungicide plays on non-target species. 
Through this study were able to better understand how fungicide application and cutting 
height can affect the profits of dairymen. By using the Milk2006 software, we can estimate milk 
yield per acre. Predicted milk yield was estimated at 2,720, 2,871, 2,798, 2,897, 2,803, 2,839, 
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2,625, 2,986 lb/ton DM consumed for CON/LC, CON/HC, V5/LC, V5/HC, V5R1/LC, 
V5R1/HC, R1/LC, and R1/HC, respectively.  In 2016 the average price of milk per 100 lb of 
milk in Illinois was $16.28.  That translates to net income of 44,277, 46,744, 45,553, 47,170, 
45,628, 46,213, 42,732, 48,619 dollars/acre of WPCS harvested for CON/LC, CON/HC, V5/LC, 
V5/HC, V5R1/LC, V5R1/HC, R1/LC, and R1/HC, respectively. The average cost of fungicide 
application in 2015 was approximately $30 per acre. If you subtract the application cost of 
fungicide at 1x (V5 or R1) or 2x (V5R1) and compare those values to the CON WPCS, there is a 
net loss or gain of +1,246, +396, +1,291, -591, -1,575, +1,845 for V5/LC, V5/HC, V5R1/LC, 
V5R1/HC, R1/LC, and R1/HC, respectively, as compared to CON/LC and CON/HC. Raising the 
cut height increased the predicted milk yield by an average of 41 lb/ton of DM consumed. Which 
translates to an extra $33.27/ton of DM consumed. These profits do not include the input costs of 
seed and farm labor. More work is needed to fully understand the economic effects fungicide 
application and cut height on corn being ensiled as WPCS for ruminants.
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APPENDIX A. RESULTS FOR CORN SILAGE COMPOSITION OVER TIME  
 
Appendix A.1. Least squares means and associated standard errors for WPCS chemical analysis harvested at low cut height (LC) and 
high cut height (HC) for brown mid-rib (BMR) with no fungicide treatment (CON) or one application of foliar fungicide at V5 (V5) 
and ensiled for 0, 30, 60, or 90 d. 1 
 Treatments
2   
 CON V5 
  P-value 
 LC HC LC HC SEM 
Fixed 
Effect3 
0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90  Day 
Composition                   
DM, g/kg4 351 347 339 335 366 342 349 353 329 316 316 314 342 324 337 327 0.77 <0.0001 
CP, g/kg DM5 92 95 97 94 92 96 101 93 96 99 101 101 95 102 99 102 0.23 <0.0001 
Ammonia, g/kg DM 1.7 3.5 4.2 5.4 1.3 4.0 4.3 5.5 1.8 4.8 5.3 7.3 0.18 0.44 0.52 0.63 0.04 <0.0001 
NDF, g/kg DM6 357 348 338 299 330 337 332 298 358 364 337 312 340 329 323 290 1.00 <0.0001 
ADF,g/kg DM7 176 177 174 154 159 169 169 153 175 184 176 165 163 163 166 151 0.52 <0.0001 
ADL, g/kg DM8 16 13 15 12 14 13 13 11 16 15 14 12 15 13 12 12 0.07 <0.0001 
Starch, g/kg DM 293 311 312 334 334 330 334 347 279 283 284 331 302 318 308 345 1.5 <0.0001 
WSC, g/kg DM9 96 9.4 10 13 88 8.2 10 9.3 112 10 13 11 101 8.6 11 11 0.5 <0.0001 
NDFD 30 h, g/kg DM10 519 533 546 562 520 550 595 607 579 562 541 554 528 552 562 606 3.1 0.0007 
uNDF 240 h, g/kg DM11 89 92 87 77 80 82 82 80 80 99 90 84 67 76 83 76 0.5 0.0005 
Ash, g/kg DM 36 36 33 34 36 32 33 33 35 36 37 34 36 32 36 33 0.16 0.0608 
Fermentation Products 
                  
pH 5.80 3.83 3.75 3.80 5.80 3.85 3.75 3.83 5.85 3.73 3.73 3.73 5.83 3.75 3.78 3.75 0.30 <0.0001 
Lactic acid, g/kg 0.6 79 86 98 0.4 76 74 78 0.4 88 96 102 0.03 78 86 90 0.32 <0.0001 
Acetic acid, g/kg 0.6 11.5 12.9 14.3 0.5 11.5 11.6 12.7 0.5 13.6 14.2 16.2 0.05 1.22 1.29 1.38 0.05 <0.0001 
Lactic:acetic ratio  7.5 69 67 69 5.8 67 64 61 6.8 66 66 64 3.9 64 66 66 0.26 <0.0001 
Butyric acid, g/kg 1.2 0.3 0.5 0.5 1.1 0.4 0.5 0.5 1.4 0.4 0.6 0.6 1.4 0.4 0.7 0.5 0.01 <0.0001 
Total acids, g/kg 2.3 91 100 105 1.8 88 87 91 2.4 102 111 119 2.1 91 100 104 0.35 <0.0001 
Amm-N, g/kg  total N 18 38 40 61 15 40 40 58 18 47 55 70 18 45 53 65 0.38 <0.0001 
VFA score12 1.17 9.18 9.43 9.68 1.21 9.21 9.13 9.16 1.07 9.04 9.44 9.79 1.09 9.53 9.63 9.53 0.10 <0.0001 
1 Part 1 table continued on page 59 
2Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn with no fungicide treatment (CON), 
one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 and R1 (V5R1), or one application of foliar fungicide at 
R1 (R1).  
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Appendix A.1. (Cont.) 
3 Fixed Effects of (Day) effect due number of days ensiled postharvest. 
4 Dry matter.  
5 Crude protein.  
6 Neutral detergent fiber. 
7 Acid detergent fiber. 
8 Acid detergent lignin.  
9 Water soluble carbohydrates. 
10 NDF digestibility 30-h. 
11 uNDF digestibility 240-h. 
12 Volatile fatty acid
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Appendix A.2. Least squares means and associated standard errors for WPCS chemical analysis harvested at low cut height 
(LC) and high cut height (HC) for brown mid-rib (BMR) with no fungicide treatment V5 and R1 (V5R1) or two applications of 
foliar fungicide at R1 (R1) and ensiled for 0, 30, 60, or 90 d. 1 
 Treatments
2   
 
V5R1 R1 
  
P-value 
 LC HC LC HC SEM 
Fixed 
Effect3 
0 30 60 90 0 30 60 90 0 30 60 90 0 30 60 90  Day 
Composition                   
DM, g/kg4 349 312 332 332 352 327 328 347 342 317 320 327 348 335 325 335 0.77 <0.0001 
CP, g/kg DM5 90 90 91 97 90 101 101 97 88 94 97 93 95 99 98 98 0.23 <0.0001 
Ammonia, g/kg DM 1.8 4.4 4.9 5.6 1.9 4.6 5.3 5.5 1.7 4.4 4.8 5.5 1.7 4.3 5.2 6.1 0.04 <0.0001 
NDF, g/kg DM6 358 339 305 314 355 348 325 323 357 333 331 305 351 322 329 321 1.00 <0.0001 
ADF,g/kg DM7 175 175 155 165 169 176 165 167 176 165 172 161 169 161 167 165 0.52 <0.0001 
ADL, g/kg DM8 16 14 12 13 16 14 13 13 14 15 13 13 15 13 13 12 0.07 <0.0001 
Starch, g/kg DM 294 313 314 326 305 327 324 318 295 310 291 325 308 321 322 341 1.5 <0.0001 
WSC, g/kg DM9 103 9.1 12 10 71.8 10.3 9.7 12.4 102 10 10 12 99 8.7 10 10 0.5 <0.0001 
NDFD 30 h, g/kg DM10 531 517 529 583 579 564 670 608 552 470 598 532 526 574 631 606 1.3 0.0007 
uNDF 240 h, g/kg DM11 78 87 82 84 73 86 80 79 85 92 92 78 81 84 75 73 0.5 0.0005 
Ash, g/kg DM 36 35 35 32 35 34 33 34 35 34 36 35 37 36 36 33 0.16 0.0608 
Fermentation Products 
                  
pH 5.87 3.78 3.78 3.75 5.85 3.85 3.80 3.80 5.83 3.78 3.75 3.80 5.88 3.83 3.83 3.80 0.30 <0.0001 
Lactic acid, g/kg 0 87 86 91 0.4 80 84 80 0.6 88 88 89 0.5 73 79 78 0.32 <0.0001 
Acetic acid, g/kg 0.3 13 13 14 0.5 12 13 16 0.7 13 13 21 0.6 11 13 13 0.05 <0.0001 
Lactic:acetic ratio  0.51 6.85 6.55 6.42 0.58 6.61 6.74 5.60 0.73 6.72 6.62 5.36 0.68 6.54 6.28 5.98 0.26 <0.0001 
Total acids, g/kg 1.2 99 100 105 2.1 92 98 95 2.6 97 102 107 2.3 85 92 92 0.35 <0.0001 
Amm-N, g/kg  total N 20 45 55 60 23 43 53 55 20 48 50 63 20 43 53 66 0.38 <0.0001 
VFA score12 1.11 9.35 9.34 9.52 1.14 9.26 9.35 9.16 1.11 9.37 9.45 9.41 1.13 9.21 9.32 9.17 0.10 <0.0001 
1 Part 2 table continued on page 58 
2 Treatments = Treatments were low cut height (LC) and high cut height (HC) for brown mid-rib (BMR) corn with no fungicide treatment 
(CON), one application of foliar fungicide at V5 (V5), two applications of foliar fungicide at V5 and R1 (V5R1), or one application of foliar 
fungicide at R1 (R1).  
3 Fixed Effects of (Day) effect due number of days ensiled postharvest. 
4 Dry matter.  
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Appendix A.2. (Cont.) 
5 Crude protein.  
6 Neutral detergent fiber. 
7 Acid detergent fiber. 
8 Acid detergent lignin.  
9 Water soluble carbohydrates. 
10 NDF digestibility 30-h. 
11 uNDF digestibility 240-h. 
12 Volatile fatty acid. 
 
